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abSTRacT
background and Purpose: In Zagreb, the forests have assumed the characteristics of forest parks, of which the most 
famous and the most visited is Maksimir Park. The health condition of many trees has deteriorated due to environmental 
changes and the forest’s age. The tree health status can be monitored by direct observation in the field using the 
terrestrial method, or by remote sensing methods. Recent advances in technology have made it possible to use high-
resolution satellite imagery to monitor the damage. 
Materials and Methods: In order to estimate the health status of trees, the research area - Maksimir Forest Park - was 
visually interpreted by means of the WorldView 2 (WV2) satellite image, color composite (8, 5, 3). Such color composite 
was also used to delineate the strata. After delineation, a systematic sample of 25x25 m was laid over the stratum to 
help interpret the tree health status. Differences in tree damage were observed by comparing the WV2 images and other 
satellite images (Google Earth images from 2014 and 2016) recorded at different points in time. Field research was then 
conducted in order to inventory the current situation. 
Results: The main results of the research in Maksimir Forest Park include the calculation of damage indicators by tree 
species, as well as thematic maps with the spatial distribution of the mean damage (SO) and damage index (IO) for those 
tree species which are most represented in a particular stratum. Mean and significant damage of the most represented 
tree species and overall is also presented spatially in the form of thematic maps. A comparison of the results of WV2 
satellite imagery and satellite images taken from Google Earth denoted a change in the tree health status, which 
confirms that satellite imagery can serve to inventory and track the condition in an area over a number of years. Field 
investigations and the assessment of tree health status confirmed the results obtained by satellite imagery interpretation. 
conclusions: Since quality forest monitoring is based on systematic collection of forest data in any area or at any point 
in time, the obtained results not only represent the current health status, but also provide a basis for monitoring and 
predicting the future conditions. 
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inTRODUcTiOn
With the rapid development and expansion of urban 
areas, as well as with a growing share of the population living 
in such areas, the preservation and protection of green spaces 
is increasingly gaining in importance. Zagreb is among the very 
few European capitals with well preserved natural forests which 
are incorporated into the urban tissue of the city itself [1]. Such 
forests play an exceptional role in the life of a society which 
is being intensively urbanized [2]. In particular, this applies to 
recreational activities [3-5], the reduction of air pollution [6, 
7], microclimate regulation [8] and erosion reduction [9]. In 
Zagreb, forests have assumed the characteristics of forest parks, 
of which the most famous and the most visited is Maksimir 
Park. In addition to being a widely used recreational area, it is 
also an ecological stronghold that offers a variety of benefits. 
It was the first public park in southeastern Europe and one of 
the first such parks in the world [10]. Since its foundation the 
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forest has undergone numerous changes, but it still remains 
a unique set of natural forest elements. In order to retain the 
stability of the forest ecosystem it is necessary to perform 
various regeneration and tending operations and maintain the 
forest in an optimal condition so that it continues to provide 
all of its non-market functions. The health condition of many 
trees has deteriorated due to environmental changes and the 
forest’s age. The tree health status can be monitored by direct 
observation in the field using the terrestrial method [11, 12], 
or by remote sensing methods, most commonly by interpreting 
color infrared (CIR) aerial images [13, 14]. Recent advances in 
technology have made it possible to use high-resolution satellite 
imagery to monitor the damage. Remote sensing methodology 
reduces the amount of necessary field work and cuts down on 
expenditures [15]. This paper shows how visual interpretation 
of the health status of individual trees is performed on the 
WorldView 2 satellite image. 
MaTeRialS anD MeTHODS
The survey was conducted in the Maksimir Forest Park 
on an area of 168.40 hectares. In order to estimate the health 
status of trees, the research area - Maksimir Forest Park - was 
visually interpreted by means of the WorldView 2 (WV2) satellite 
image, color composite (8, 5, 3). The combination of bands 8, 5, 
3 was chosen so as to clearly distinguish tree species, vegetation 
types, physiological conditions, developmental stages etc. 
Damage indicators were determined with the color composite 
structured in this manner. Such color composite was also used 
to delineate the strata (Figure 1). The strata were differentiated 
using visible differences in image details, such as tree species, 
mixture ratio, stand closure, crown size, the degree of damage 
etc. The stage of tree damage was assessed according to a 
determined percentage of assimilation organ absence (leaves), 
the percentage of yellow leaves and the percentage of branch 
decline. After delineation, a systematic sample of 25x25 m was 
laid over the stratum to help interpret the tree health status 
(Figure 2). At each point of a grid (2982 points), 2 nearest trees 
(crowns) were estimated and damage indicators (damage - O, 
mean damage - SO, damage index - IO, mean damage1 - SO1) 
[16] were calculated for individual tree species, and for all the 
interpreted species together.
The interpretation results were used to construct thematic 
maps of the spatial distribution of damage [17]. The thematic 
maps of the spatial distribution of damage have made it 
possible to distinguish the most damaged strata in relation to 
certain tree species. Satellite images available on Google Earth 
were also used to monitor the health status of trees in Maksimir 
forest area. Differences in tree damage were observed by 
comparing the WV2 images and other satellite images (Google 
Earth) recorded at different points in time (from 2014 and 
2016). This way it was possible to identify all the changes that 
occurred during a certain period of time. Areas with more 
severe tree damage were determined by using thematic maps 
and the selected strata and by comparing the satellite images. 
Stratum 28 containing the largest number of damaged oak trees 
was delineated in the study area. The changes observed on the 
trees in the images are marked with circles (Figure 3, 4, 5). Field 
research was then conducted in order to inventory the current 
situation.
FigURe 1.  The research area - Maksimir Forest Park (with 
delineated strata).
FigURe 2. The clip of color composite (8, 5, 3) with a 
systematic sample.
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FigURe 3. WorldView 2 satellite image from 2011 with marked areas of significant damage to oak and a fragment from the 
Stratum 28.
FigURe 4. Satellite image (Google Earth) from 2014 with marked areas of significant oak damage and a fragment from Stratum 28.
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In addition to surveying the selected areas, the position 
was identified in the field with a GPS device. Photo-
documentation was recorded for subsequent comparison 
with the results obtained by the interpretation of the 
recording. The field survey consisted of 6 locations (Figure 
6), which were marked as critical with regard to the damage 
and health condition of the observed oaks.
ReSUlTS anD DiScUSSiOn
The main results of the research in Maksimir Forest 
Park include the calculation of damage indicators by 
tree species, as well as thematic maps with the spatial 
distribution of the mean damage (SO) and damage index 
(IO) for those tree species that are most represented in a 
particular stratum. Data were also obtained for the surfaces 
of individual strata. A total of 5,064 individual trees were 
photo-interpreted in the systematic 25x25 m sample (2982 
points) in the recorded area. The most represented tree 
species in the sample was oak (4,403 trees), followed by 
hornbeam (404 trees) and black locust (76 trees). In the 
entire recorded area, the highest mean damage (SO) and 
the highest damage index (IO) were recorded for oak. Taking 
into account all the interpreted trees in the recorded area, 
mean damage can be estimated at 39.76%, and significant 
damage (IO) at 70.69% (Table 1). In the sample of 70.69% 
of the trees classified as 2.1 and higher, mean damage (SO1) 
amounts to 50.16% and can be classified as 2.2 degree of 
damage. Hence, the stands in Maksimir area can be assigned 
to the category of moderately to severely damaged stands. 
Mean and significant damage of the most represented tree 
species (oak) and overall is also presented spatially in the 
form of thematic maps (Figure 7). 
Validation of the tree condition in the field produced 
the results that represent the current health status of 
the investigated area. Field investigation, conducted in 
May 2017, comprised areas of significant oak damage in 
Maksimir Forest Park. Photo-documentation made on this 
occasion showed that in Location 1 the majority of badly 
damaged trees were removed and the area was restored by 
planting seedlings. Area 1 is located in Stratum 28, in which 
interpretation comprised the largest number of damaged 
oak trees. In Area 3, located in Stratum 31, the damaged and 
diseased trees were replaced with new, young trees (Figure 
8).
This can be confirmed by the available literature. 
Namely, Glavaš [18] states that about 1,000 trees in 
Maksimir Forest Park were destroyed by a storm. The 
restoration of the affected areas began in 2014, when new 
FigURe 5. Satellite image (Google Earth) from 2016 with marked areas of significant oak damage and Stratum 28 fragment.
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O iO SO SO1
%
Oak sp. 99.68 79.33 43.58 50.42
Common Hornbeam 37.62 0.00 9.70
Black locust 85.53 51.32 24.54 34.74
Common beech 48.48 0.00 11.06
Spruce sp. 80.65 41.94 32.82 59.81
Pine sp. 100.00 64.71 31.84 39.66
Other* 56.63 15.66 14.43 32.50
Total 93.36 70.69 39.76 50.16
*(maple, fruit trees, lime tree, alder, poplar...)
Table 1. Damage indicators by tree species (O - damage; IO 
- damage index (significant damage); SO - mean damage; SO1 - 
mean damage of significantly damaged trees).  
trees were planted [19]. A comparison of the results of WV2 
satellite imagery and satellite images taken from Google 
Earth (from 2014 and 2016) denoted a change in the tree 
health status, which confirms that satellite imagery can 
serve to inventory and track the condition in an area over 
a number of years. Field investigations and the assessment 
of tree health status confirmed the results obtained by 
satellite imagery interpretation, but also indicated that the 
future condition of stands can be predicted on the basis 
of the images [16, 20]. Images taken in different years are 
a good starting point for predicting the condition in the 
field for a certain period, which is a prerequisite for good 
planning.
FigURe 7. Total Damage Index for all tree species (IO - 
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cOnclUSiOnS 
A survey conducted by means of the WorldView 2 
satellite image showed the current health status of the most 
common tree species in Maksimir Forest Park. Monitoring 
tree health by interpreting satellite images enables rapid and 
economic data acquisition. Since quality forest monitoring is 
based on a systematic collection of forest data in an area or at 
any point in time, the obtained results not only represent the 
current health status, but also provide a basis for monitoring 
and predicting the future conditions. In urban environment, 
it is of particular importance to make timely predictions of 
the changes in tree health status so that diseased trees can 
be removed and replaced with new ones.
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